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(Canceled) 
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2. (Currently Amended) The method of claim 16, wherein the step of separating the 
one or more fetal heart component signals from the heart signal information obtained from the 
pregnant female based on singular value decomposition comprises the step of: 

employing one or more analog-to-digital converters to digitize the heart signal 
information upon receipt of the heart signal information. 

3. (Currently Amended) The method of claim 16, wherein the step of separating the 
one or more fetal heart component signals from the heart signal information obtained from the 
pregnant female based on singular value decomposition comprises the step of: 

employing one or more filtering components to reduce one or more amplitudes of one or 
more components of the heart signal information. 

4. (Original) The method of claim 3, wherein the step of employing the one or 
more filtering components to reduce the one or more amplitudes of the one or more components 
of the heart signal information comprises the step of: 

employing one or more non-linear filters and one or more non-linear inverse filters to 
reduce the one or more amplitudes of the one or more components of the heart signal information. 

5. (Currently Amended) The method of claim lfi, wherein the heart signal 
information comprises the one or more fetal heart component signals, one or more maternal heart 
component signals, and one or more noise component signals, wherein the step of separating the 
one or more fetal heart component signals from the heart signal information obtained from the 
pregnant female based on singular value decomposition comprises the steps of: 

determining one or more blind separators based on singular value decomposition; and 
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employing the one or more blind separators to separate the one or more fetal heart 
component signals from the one or more maternal heart component signals and the one or more 
noise component signals. 

6. (Currently Amended) The method of claim 16, wherein the step of separating the 
one or more fetal heart component signals from the heart signal information obtained from the 
pregnant female based on singular value decomposition comprises the steps of: 

employing one or more cepstral transformation components to identify one or more noise 
components in the one or more fetal heart component signals; 

reducing one or more amplitudes of the one or more noise components in the one or more 
fetal heart component signals to change the one or more fetal heart component signals into one or 
more reduced noise fetal heart component signals; and 

employing one or more inverse cepstral transformation components to output one 
or more of the one or more reduced noise fetal heart component signals. 

7. (Currently Amended) The method of claim 16, wherein the heart signal 
information comprises the one or more fetal heart component signals, one or more maternal heart 
component signals, and one or more noise component signals, wherein the step of separating the 
one or more fetal heart component signals from the heart signal information obtained from the 
pregnant female based on singular value decomposition comprises the steps of: 

employing one or more analog-to-digital converters to digitize the heart signal 
information upon receipt of the heart signal information; 

employing one or more non-linear filters and one or more non-linear inverse filters to 
reduce one or more amplitudes of one or more components of the heart signal information; 

determining one or more blind separators based on singular value decomposition; and 

employing the one or more blind separators to separate the one or more fetal heart 
component signals from the one or more maternal heart component signals and the one or more 
noise component signals. 

8. (Original) The method of claim 7, further comprising the steps of: 
employing one or more cepstral transformation components to identify one or more noise 

components in the one or more fetal heart component signals; 
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reducing one or more amplitudes of the one or more noise components in the one or more 
fetal heart component signals to change the one or more fetal heart component signals into one or 
more reduced noise fetal heart component signals; and 

employing one or more inverse cepstral transformation components to output one or more 
of the one or more reduced noise fetal heart component signals. 

9. (Original) The method of claim 7, further comprising the step of: 

employing a high pass filter with a cut-off frequency that is one-third or less of the 
average frequency of a maternal heart rate to remove effects of time-variations in a long term 
mean of the heart signal information between maternal heart beats. 

10. (Original) The method of claim 7, further comprising the step of: 

employing one or more stages of differencing between successive samples of the heart 
signal information to remove effects of time-variations in a long term mean of the heart signal 
information between maternal heart beats. 

1 1 . (Original) The method of claim 7, wherein the one or more blind separators 
comprise a multi-step iterative separator, wherein the step of employing the one or more blind 
separators to separate the one or more fetal heart component signals from the one or more 
maternal heart component signals and the one or more noise component signals comprises the 
steps of: 

passing a set of estimated separation signals from a first separation iteration to a next 
separation iteration; 

creating cross-correlations of each estimated separation signal of one separation iteration 
with each other estimated separation signal of the one separation iteration after each separation 
iteration; 

evaluating an absolute value of the cross-correlations; and 

outputting the outcome of the multi-step iterative separator once a maximal absolute 
value of the cross correlations is below a pre-determined threshold value. 

12. (Original) The method of claim 11, wherein the step of outputting the outcome 
of the multi-step iterative separator once the maximal absolute value of the cross correlations is 
below the pre-determined threshold value comprises the step of: 
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entering the set of estimated separation signals as initialization parameters to an artificial 
neural network that iteratively outputs incremental changes to the initialization parameters until 
the maximal absolute value is below the pre-determined threshold value. 

13. (Original) The method of claim 7, wherein the one or more blind separators 
comprise a multi-step iterative separator, wherein the step of employing the one or more blind 
separators to separate the one or more fetal heart component signals from the one or more 
maternal heart component signals and the one or more noise component signals comprises the 
steps of: 

passing a set of estimated separation signals from a first separation iteration to a next 
separation iteration; 

creating cross-correlations of each estimated separation signal of one separation iteration 
with each other estimated separation signal of the one separation iteration after each separation 
iteration; 

evaluating an absolute value of the cross-correlations; and 

outputting the outcome of tire multi-step iterative separator once a sum of absolute values 
of the cross correlations is below a pre-determined threshold value. 

14. (Original) The method of claim 13, wherein the step of outputting the outcome 
of the multi-step iterative separator once the sum of the absolute values of the cross correlations is 
below the pre-determined threshold value comprises the step of: 

entering the set of estimated separation signals as initialization parameters to an artificial 
neural network that iteratively outputs incremental changes to the initialization parameters until 
the sum of the absolute values is below the pre-determined threshold value. 

15. (Currently Amended) The method of claim 16, wherein the heart signal 
information comprises multi channel information of mixtures in different mixing combinations of 
at least three different types of signals, one being maternal electrocardiogram, one being fetal 
electrocardiogram, and one being noise; 

wherein the step of separating the one or more fetal heart component signals from the 
heart signal information obtained from the pregnant female based on singular value 
decomposition comprises the steps of: 

employing at least three channels to obtain the heart signal information; 
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placing a first pair of electrodes on a chest of the pregnant female; and 
placing a second pair of electrodes on an abdomen or lower back of the pregnant female 
to obtain a portion of the heart signal information closer to a heart of the fetus. 

16. (Currently Amended) The-nv.: ■> :'. ' . \ method, comprising the step of 
se parating one fetal heart i portent I run heart s il information 

ol ! lii.K 1 from n. pi . mt fern il based on singular value decomposition, wherein the step of 
separating the one or more fetal heart component signals from the heart signal information 
obtained from the pregnant female based on singular value decomposition comprises the steps of: 

computing a singular value decomposition of a covariance matrix of the heart signal 
information to yield a set of output signals; 

computing a delay parameter to minimize an absolute value of cross-correlations between 
the set of output signals; 

taking a singular value decomposition of the sum of a covariance matrix of the set of 
output signals; and 

taking a singular value decomposition of a transpose of the covariance matrix of the set 
of output signals to yield a separated output estimate of the one or more fetal heart component 
signals. 

17. (Original) The method of claim 16, further comprising the step of: 

passing the separated output estimate through a blind adaptive filter to identify 
parameters of the separated output estimate, wherein the blind adaptive filter uses the parameters 
to adapt a filtering algorithm to reduce noise of the separated output estimate. 

1 8. (Original) The method of claim 1 7, further comprising the step of: 
reentering outputs of the blind adaptive filter into a singular value decomposition to 

undergo another round of separation. 

19. (Original) The method of claim 17, wherein the heart signal information 
comprises the one or more fetal heart component signals, one or more maternal heart component 
signals, and one or more noise component signals; 

wherein the step of reentering the outputs of the blind adaptive filter into the singular 
value decomposition to undergo another round of separation comprises the steps of: 
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determining one or more blind separators based on singular value decomposition; and 
employing the one or more blind separators to separate the one or more fetal heart 

component signals from the one or more maternal heart component signals and the one or more 

noise component signals. 

20. (Currently Amended) An apparatus, comprising: 

one or more processor components that separate one or more fetal heart component 
signals from heart signal information obtained from a pregnant female based on singular value 
decomposition; 

/herein on >j i >f J he on >r more process components comp ute a singular value 

dcv-om Ti>n_i i na mai \ ^ I '1 - I it- i nal lnloi m ation to > ield a ei i nilpul 

glgnals.; 

wherein the om...Di^sm^.j£Jas ^sms^ Qr_^ rs. p r oc essor componen ts compute a, delay 

parameter to minimize an abjgjute value of gro^corirelations Iviu ihc su ol output signals; 

therein the one or more of the_oiie_oj:more processor components take a singular value 
decomposition of the sum Qf_a.co_yar iance ma trix_Qf lhg set of ojitpMLdaiak_arid 

dec.ompoii of the . coyariance matrix_pf Jhe _.set of .output .signals to ,, yM d...a 

£ej3.axated output est imatc of the one or more, fetal heart component signals . 

21. (Currently Amended) The apparatus of claim 20, wherein the one or more of the 
one or more processor components employ one or more analog-to-digital converters to digitize 
the heart signal information in preparation for execution of one or more signal processing 
procedures by the one or more of the one or more processor components. 

22. (Original) The apparatus of claim 21, wherein the one or more signal processing 
procedures comprise one or more filtering procedures; 

wherein the one or more of the one or more processor components employ the one or 
more analog-to-digital converters to digitize the heart signal information in preparation for 
execution of the one or more filtering procedures by the one or more of the one or more processor 
components; 
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wherein the one or more of the one or more processor components employ one or more 
non-linear filters and one or more non-linear inverse filters to reduce one or more amplitudes of 
one or more components of the heart signal information. 

23. (Original) The apparatus of claim 21, wherein the one or more signal processing 
procedures comprise one or more filtering procedures; 

wherein the one or more of the one or more processor components employ the one or 
more analog-to-digital converters to digitize the heart signal information in preparation for 
execution of the one or more filtering procedures by the one or more of the one or more processor 
components; 

wherein the one or more of the one or more processor components employ one or more 
blind adaptive filters to reduce one or more amplitudes of the heart signal information. 

24. (Currently Amended) The apparatus of claim 20, wherein the heart signal 
information comprises a plurality of electrocardiogram signals; 

wherein the, 0116 or more of the one or more processor components record the plurality of 
electrocardiogram signals through employment of three or more electrode pairs of: 
an abdominal electrode pair; 
a chest electrode pair; and 
a thoracic electrode pair. 

25. (Currently Amended) The apparatus of claim 20, wherein the heart signal 
information comprises a plurality of magnetocardiogram signals; 

wherein the one or more of the one or more processor components record the plurality of 
magnetocardiogram signals through employment of three or more sensors of: 
an abdominal sensor; 
a chest sensor; and 
a thoracic sensor. 

26. (Currently Amended) The apparatus of claim 20, wherein the. one or more of the 
one or more processor components separate one or more of the one or more fetal heart component 
signals from the heart signal information based on singular value decomposition at any selected 
time at or after a twelfth week of pregnancy of the pregnant woman. 
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27. (Currently Amended) An article, comprising: 
one or more computer-readable signal-bearing media; and 

means in the one or more media for separating one or more fetal heart component signals 
from heart signal information obtained from a pregnant female based on singular value 
decomposition, wherein the means in the one or more mediafor ..sep arating the one or more fetal 
heail component signals from the heart sig nal inloi maiion.._o blained from the pregnant fe male 
based on singular value dec omposition com prises: 



means in the one or more media for computing a singular value decomposition of a 
covaiiance matrix of ihe heart signal information to yield a set of output signals; 

means in the one or more media for computing a delay parameter to minimize an absolute 
value iif cross-correlations between the set of output signals; 

covariance ma trix of the set of o utput signals; and 

means in the o ne or more media for taking a singular value decomposition of a transpose 
of the covariance matrix of the set of output signals to vield a separate d output estimate of the one 
or mor e fetal hea rt component signals. 

28. (Canceled) 

A-4 : netk»d T -6efflp rising the s teps of: 

heart s igna l i nformation obtained from-a pr e gnant f e mal e ; 

sepa?&ik^~ihe~-~me- o r mer e feta l heart component signal ^-&em-~4l^ 

iftfeHBatHien-bajjed-e^nd e pendent co m ponent a na lysis; a nd 

emplo ying one or m ei^e-b li n d -adapt ive filtering - comp o n e nt s to reduce noise in the one or 
mor e f e tal he art co mp onent si g nals. 

29. (Currently Amended) The method of claim-£& _31 , wherein the one or more 
filters comprise a non-linear filter and a non-linear inverse filter, wherein the step of employing 
the one or more filters to extract the one or more fetal heart component signals from the heart 
signal information obtained from the pregnant female comprises the steps of: 

employing the non-linear filter and the non-linear inverse filter to reduce one or more 
amplitudes of the heart signal information obtained from the pregnant female; and 



Graupe et al. 



10 



UIC10386P00100US 
S/N: 10/595,594 



employing one or more analog-to-digital converters to digitize the heart signal 
information upon receipt of the heart signal information. 

30. (Canceled) 



'lUjtH ih \ J t 1 i i m 1 i I ' il'i 

31. (Currently Amended) !h 1 hu ii thod uprisin g the steps 

o£ 

employing one or more fillers to extract .one or more fetal heart component signals from 
heart signal information obtained from a pregnant female; 

separating . the, .one, or more, fetal Jieart_coiiiponent signals from the heart .signal 
information based on independent component analysis, and 

employing one or more blind ada ptive filt e ring, components to reduce noise in the one or 
ma rc fetal heart component s ignals wherein, the step of employing one or more blind adaptive 
fillejirigj^m^ or more fetal heart . component signals comprises 

the step of: 

o pe rating the one or more, blind adaptive filtering co mponentsJ p^jti£_ oji_more of a 
frg queMiy^^ a wavelet transform domain, wherein the one or 

more blind adaptive filtering components operate in the cepstral domain, wherein the step of 
employing the cepstral analysis to reduce noise in the one or more fetal heart component signals 
comprises the steps of: 

employing a cepstral transformation, a cepstral filtration, and an inverse cepstral 
transformation to reduce the noise in the one or more fetal heart component signals; 

employing the cepstral transformation to identify one or more noise components in the 
one or more fetal heart component signals; 

employing the cepstral filtration to reduce one or more amplitudes of the one or more 
noise components in the one or more fetal heart component signals to change the one or more 
fetal heart component signals into one or more reduced noise fetal heart component signals; and 



f4teriftg-e€H 
t h e step of : 




• »)t , i~g ma t in i' j ! md -adaptive 
fetal heart e omp on en t ■ s i gn al s - compr i ses 
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employing the inverse cepstral transformation to output one or more of the one or more 
reduced noise fetal heart component signals. 

32. (Currently Amended) The method of claim-3* = ii, wherein the heart signal 
information comprises the one or more fetal heart component signals, one or more maternal heart 
component signals, and one or more noise component signals, wherein the step of separating the 
one or more fetal heart component signals from the heart signal information obtained from the 
pregnant female based on independent component analysis comprises the steps of: 

employing one or more analog-to-digital converters to digitize the heart signal 
information upon receipt of the heart signal information; 

employing one or more non-linear filters and one or more non-linear inverse filters to 
reduce one or more amplitudes of the heart signal information; 

employing independent component analysis to separate the one or more fetal heart 
component signals from the one or more maternal heart component signals and the one or more 
noise component signals; 

employing one or more cepstral transformation components to identify one or more noise 
components in (he one or more fetal heart component signals; 

reducing one or more amplitudes of the one or more noise components in the one or more 
fetal heart component signals to change the one or more fetal heart component signals into one or 
more reduced noise fetal heart component signals; and 

employing one or more inverse cepstral transformation components to output one or more 
of the one or more reduced noise fetal heart component signals. 

33. (Canceled) 

An apparatus, eempmrng- 

one oi nii'i | i" > i uimptwents-ttet-ea^^ 
f e tal h e art compon e nt signal* fr<*:i bears -it Ibrma tieH obtain e d from a pr e gnant f e mal e ; 

wh&rei«r^4fe^ o ne or mo re-presessef-eefflpettente-sepafate^ 

mere-fetal heart-eempeftent signals from the heart signal inform at i o n based-eH-4n dependent 

i < <<>{ <■ 111 Ml ,1 , 

whereifr-a~^»e6et#^i^^ com po fi^ftts-effl ploy - -on e--ef 

m&m^md-^4^^w-&^tmk^Q ompeB& nts t o reduce n o ise- in tl> e-efte— efHmefe— fetaMwart 
eomptHHJt+t -signals. 
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34. (Currently Amended) The apparatus of claim 3^5, wherein the one or more 
filters comprise a non4inear filter and a non-linear inverse filter; 

wherein a third one or more of the one or more processor components cause the non- 
linear filter and the non-linear inverse filter to reduce one or more amplitudes of the heart signal 
information obtained from the pregnant female. 

35. (Currently Amended) >l i ( » > . i -i > - \n appaialus^compiismg 

one or more process™ components dial cause one o; more Mlu i t rtrac I oi • oi more 
fetal heart co mponen t signals li m heart i mil in I rmati n obi ined jiiyi i pregnant I'cmal 

w herein a ; first _one oi in leol'tht one oi nunc pimcssor comp ments sepa rate th e one oi 
more fetal heart component signals_fro m the heart signal information based on independent 
samwrnxiimmhsis:, 

wherein, a second one or nn^ e of die one or more processor componenls employ one or 
more bli nd adapt ive f i ltering components to reduce noise in the one or more fetal heart 



employ cepstral transformation to identify one or more noise components in the one or more fetal 
heart component signals; 

wherein the second one or more of the one or more processor components employ 
cepstral filtration to reduce one or more amplitudes of the one or more noise components in the 
one or more fetal heart component signals to change the one or more fetal heart component 
signals into one or more reduced noise fetal heart component signals; 

wherein the second one or more of the one or more processor components employ inverse 
cepstral transformation to output one or more of the one or more reduced noise fetal heart 
component signals. 

36. (Currently Amended) The apparatus of claim 3.! 5. wherein the heart signal 
information comprises a plurality of electrocardiogram signals; 

wherein a third one or more of the one or more processor components record the plurality 
of electrocardiogram signals through employment of three or more electrode pairs of: 

an abdominal electrode pair; 

a chest electrode pair; and 

a thoracic electrode pair. 




wherein the second one or more of the one or more processor components 
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37. (Currently Amended) The apparatus of claim 335, wherein the heart signal 
information comprises a plurality of magnetocardiogram signals; 

wherein a third one or more of the one or more processor components record the plurality 
of magnetocardiogram signals through employment of three or more sensors of: 
an abdominal sensor; 
a chest sensor; and 
a thoracic sensor. 

38. (Currently Amended) The apparatus of claim 33-5, wherein the one or more blind 
adaptive filtering components operate in one or more of a frequency domain, a cepstral domain, 
and/or a wavelet transform domain. 

39. (Original) An article, comprising: 

one or more computer-readable signal-bearing media; 

means in the one or more media for employing one or more filters to extract one or more 
fetal heart component signals from heart signal information obtained from a pregnant female; 

means in the one or more media for separating the one or more fetal heart component 
signals from the heart signal information based on independent component analysis; and 

means in the one or more media for employing a cepstral analysis to reduce noise in the 
one or more fetal heart component signals. 

40. (New) The article of claim 27, wherein the means in the one or more media for 
separating the one or more fetal heart component signals from the heart signal information 
obtained from the pregnant female based on singular value decomposition comprises means in the 
one or more media for employing a cepstral transformation, a cepstral filtration, and an inverse 
cepstral transformation to reduce the noise in the one or more fetal heart component signals; 

wherein the means in the one or more media for separating the one or more fetal heart 
component signals from the heart signal information obtained from the pregnant female based on 
singular value decomposition comprises means in the one or more media for employing the 
cepstral transformation to identify one or more noise components in the one or more fetal heart 
component signals; 
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wherein the means in the one or more media for separating the one or more fetal heart 
component signals from the heart signal information obtained from the pregnant female based on 
singular value decomposition comprises means in the one or more media for employing the 
cepstral filtration to reduce one or more amplitudes of the one or more noise components in the 
one or more fetal heart component signals to change the one or more fetal heart component 
signals into one or more reduced noise fetal heart component signals; 

wherein the means in the one or more media for separating the one or more fetal heart 
component signals from the heart signal information obtained from the pregnant female based on 
singular value decomposition comprises means in the one or more media for employing the 
inverse cepstral transformation to output one or more of the one or more reduced noise fetal heart 
component signals. 

41. (New) The article of claim 39, wherein the means in the one or more media for 
employing the cepstral analysis to reduce noise in the one or more fetal heart component signals 
comprises means in the one or more media for employing a cepstral transformation, a cepstral 
filtration, and an inverse cepstral transformation to reduce the noise in the one or more fetal heart 
component signals; 

wherein the means in the one or more media for employing the cepstral analysis to reduce 
noise in the one or more fetal heart component signals comprises means in the one or more media 
for employing the cepstral transformation to identify one or more noise components in the one or 
more fetal heart component signals; 

wherein the means in the one or more media for employing the cepstral analysis to reduce 
noise in the one or more fetal heart component signals comprises means in the one or more media 
for employing the cepstral filtration to reduce one or more amplitudes of the one or more noise 
components in the one or more fetal heart component signals to change the one or more fetal 
heart component signals into one or more reduced noise fetal heart component signals; 

wherein the means in the one or more media for employing the cepstral analysis to reduce 
noise in the one or more fetal heart component signals comprises means in the one or more media 
for employing the inverse cepstral transformation to output one or more of the one or more 
reduced noise fetal heart component signals. 



